Ovarian surface epithelial cells (OSEs), a single layer of cells that cover the surface of the ovary, undergo turnover at the site of follicular rupture at ovulation. Greater than 90% of ovarian cancers arise from the OSEs. The objective of this study was to determine whether OSEs have the capacity to regulate their own demise through expression of Fas antigen (Fas) and Fas ligand (FasL) and activation of Fas-mediated apoptosis. In initial experiments, primary cultures of bovine OSEs responded to treatment with recombinant FasL by undergoing apoptosis. The percentage of cell death was not affected by the presence or absence of serum in the media or by co-treatment with interferon-g, a treatment shown to potentiate Fas-mediated apoptosis in a number of cell types. Subsequent experiments tested the ability of stress-inducing drugs, anisomycin and daunorubicin, to promote apoptosis by stimulating an endogenous Fas -FasL pathway in OSEs. Treatment with FasL, anisomycin or daunorubicin induced cell death and this was suppressed by co-treatment with a peptide inhibitor of caspases, ZVAD. Treatment with anisomycin or daunorubicin in the presence of ZVAD increased expression of FasL mRNA and protein but did not alter expression of Fas mRNA or protein. Treatment of OSEs with a recombinant protein that blocks interaction of FasL with Fas (Fas:Fc) reduced apoptosis in response to anisomycin and daunorubicin, indicating that drug-induced apoptosis was mediated at least partially through endogenous Fas -FasL interactions. In summary, OSEs undergo apoptosis in response to stress-inducing drugs through activation of an endogenous Fas pathway. 
Introduction
Ovarian surface epithelial cells (OSEs) are a single layer of cells that surround the outer surface of the ovary in mammals. Prior to ovulation, OSEs overlying the site of follicular rupture degenerate by apoptosis (Talbot et al. 1987 , Murdoch 1995 . Regulation of apoptosis in OSEs is not completely understood. Characterizing the pathways that regulate the turnover of OSEs is important for understanding both the ovulatory process as well as processes whereby OSEs undergo transformation into cancerous cells (Murdoch & McDonnel 2002) . Indeed, greater than 90% of ovarian cancers are derived from OSEs. The cellsurface receptor Fas mediates apoptosis in many cell types (reviewed by Hengartner 2000) . Fas is activated when bound by Fas ligand (FasL) under physiological conditions that promote apoptosis. Healthy cells, under the influence of the appropriate survival pathways, may be resistant to Fas-mediated apoptosis even when both Fas and FasL are available, while cells exposed to various stresses are susceptible, and Fas-FasL interaction results in apoptosis , 2004 , Hu et al. 2001 .
Previous studies in our laboratory showed that primary cultures of mouse OSEs express Fas and, under certain conditions, undergo apoptosis in response to an anti-Fas antibody that mimics FasL (Quirk et al. 1997) . Whereas mouse OSEs cultured in serum-containing media were resistant to apoptosis in response to treatment with antiFas antibody, pretreatment with the cytokine interferon-g (IFN-g) induced their susceptibility to apoptosis (Quirk et al. 1997) . The ability of IFN-g to promote Fas-mediated apoptosis is consistent with findings in a variety of cell types (reviewed by Quirk et al. 1997 Quirk et al. , 2000 . The expression of FasL in normal OSEs, and how expression may be regulated, has not been studied systematically. We hypothesized that healthy OSEs, cultured under conditions which support survival, do not express Fas and FasL simultaneously. Furthermore, FasL expression might be induced in OSEs subjected to stress and result in Fas-mediated apoptosis. In the experiments reported here, OSEs isolated from bovine ovaries were treated with drugs known to induce a stress response to determine whether OSEs have the ability to respond by expressing FasL and undergoing apoptosis through an endogenous Fas pathway. The drugs, anisomycin and daunorubicin, were tested because they are known to activate the c-Jun N-terminal kinase (JNK) pathway and the mitogen-activated protein kinase (MAPK) p38 (Faris et al. 1998 , Hsu et al. 1999 , Mansat-De Mas et al. 1999 . JNK and p38 MAPK pathways are activated predominantly by stress stimuli and may mediate apoptosis (reviewed by Leppã & Bohmann 1999) . For example, anisomycin was shown to induce apoptosis of Jurkat T cells by stimulating expression of FasL (Faris et al. 1998) . However, JNK and p38 MAPK also stimulate diametrically opposed effects such as proliferation and survival depending upon the cellular context (reviewed by Leppã & Bohmann 1999) . Bovine OSEs were used in the current study because they can be readily isolated from abattoir material to generate highly enriched cultures of proliferative cells. Furthermore, the roles of various growth factors in stimulating the proliferation of bovine OSEs and comparisons of the characteristics of bovine and human OSEs have been reported (Doraiswamy et al. 2000 , Parrott et al. 2000a , 2000b . Use of primary cultures of OSEs was desirable because these cells should reflect the function of normal OSEs more accurately than transformed or cancer cell lines. The results of this study indicate that expression of Fas does not change in response to drug-induced stress. In contrast, expression of FasL is low to non-detectable under control conditions and increases in response to stress. Endogenous Fas -FasL interactions then promote apoptosis.
Materials and Methods

Materials
Culture media and additives were obtained from Life Technologies (Grand Island, NY, USA) unless otherwise indicated. Murine epidermal growth factor (EGF) was from Invitrogen (Carlsbad, CA, USA). BSA, sodium pyruvate, L-glutamate, monoclonal anti-cytokeratin, normal goat serum (NGS), and mouse immunoglobulin M (IgM) were from Sigma Chemical Company (St Louis, MO, USA). Tissue culture plates were obtained from Corning-Costar (Cambridge, MA, USA), except Slide-well chambers which were obtained from Nunc-Intermed (Naperville, IL, USA). Polyclonal rabbit anti-rat FasL antibody (IgG; antibody C-178) was obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Soluble recombinant human FasL and monoclonal mouse anti-human Fas antibody (IgM; clone CH-11) were from Upstate Biotechnology (Lake Placid, NY, USA 
Cell culture
Two culture media were used. OSE growth medium (OSEGM) contained Dulbecco's modified Eagle's medium (DMEM)/Ham's F12 (DMEM/F12), 5% fetal bovine serum, 5 mg/ml insulin, 5 mg/ml transferrin, 20 nM sodium selenite, 10 ng/ml EGF, 1 mM pyruvate, 2 mM glutamate, 100 U/ml penicillin, 100 mg/ml streptomycin, and 0.25 mg/ml fungizone. Minimal medium contained DMEM-F12 plus 100 U/ml penicillin, 100 mg/ml streptomycin, and 0.25 mg/ml fungizone. Freshly excised ovaries were obtained from an abattoir, transported in saline on ice, and processed within 3 h. The surface of the ovary was gently scraped into OSEGM with a rubber policeman. Cells were rinsed and plated in OSEGM in 35 mm wells at a concentration of 1 £ 10 6 cells/well. Large patches of OSEs grew to confluence within 5 -10 days but were interspersed with areas of contaminating cells including stromal cells and fibroblasts. Areas that appeared to be pure OSEs, lacking cells with fibroblastic appearance, were isolated using trypsinization within a 6-mm cloning cylinder and placed in a 35 mm culture dish (passage 1). After continued growth to confluence in OSEGM, the medium was changed to minimal medium. OSEs ceased to proliferate in minimal medium but did not die. Under these culture conditions, any contaminating fibroblasts or stromal cells that might be present would be unlikely to survive. Cells were maintained in minimal medium for 7 -14 days and were passed by trypsinization (passage 2). For subsequent passages, cells were grown in growth medium and passed by trypsinization. All experiments were performed using cells from passages 3 or 4. It was assumed that passage-3 and -4 cultures are reflective of the original cells collected, but this was not ascertained directly.
Cell-viability assays
OSEs were plated in OSEGM at the third passage in 96-well plates (4 £ 10 4 cells/well), grown to confluence (1 -2 days) and, except where indicated, medium was changed to minimal medium. Then, 1 day later, indicated treatments were applied with a media change, and after 24 h cultures were trypsinized and live cells counted in a hemacytometer using the Trypan Blueexclusion method. The doses of FasL (100 ng/ml), anisomycin (2 mM), and daunorubicin (10 mM) used in all experiments were based on preliminary tests that determined the doses required to induce death of approximately 50% of cells in cultures of OSEs. IFN-g was used at a dose of 200 U/ml because this dose was shown to be maximally effective to promote Fasmediated apoptosis of mouse OSEs (Quirk et al. 1997) and to promote FasL-induced apoptosis of bovine granulosa cells . ZVAD was utilized at a dose of 30 mM as recommended by the supplier. Fas:Fc was used at 20 mg/ml, a dose shown to suppress Fas-mediated apoptosis of bovine granulosa cells (Hu et al. 2001) . In each experiment, cells were counted from three wells for each treatment, and all experiments were repeated three times using different OSE preparations.
Analysis of Fas and FasL mRNA by RT-PCR
Fas and FasL mRNA were quantified by competitive RT-PCR as described previously ). At passages 3 or 4, cells were plated in sixwell plates (2 £ 10 6 cells/well) and treated as described above for cell-viability assays. Twenty-four hours after treatment, cells were frozen at 280 8C for subsequent preparation of RNA. RNA was prepared (Chomczynski & Sacchi 1987) and reverse transcribed in the presence of increasing concentrations of an internal Fas or FasL RNA standard. The Fas and FasL RNA standards were prepared by in vitro transcription of mutated Fas or FasL cDNA, each containing a 50 bp deletion internal to the PCR primer-binding sites (described in Vickers et al. 2000 . Complementary DNA was amplified by PCR in the presence of [ 32 P]dCTP. PCR primers for Fas (positions 468-490 and 654-673 in GenBank accession no. NM_174662) were designed to span the positions of three introns and to generate a 256 bp fragment from sample RNA and a 206 bp fragment from the internal RNA standard. PCR primers for FasL (positions 545-565 and 784-811 in GenBank accession no. XM_584322) were designed to span the positions of two introns and to generate a 267 bp fragment from sample RNA and a 217 bp fragment from the internal RNA standard. RT-PCR for FasL was performed using an Access RT-PCR kit, which allowed increased sensitivity necessary to detect the relatively low amounts of FasL mRNA (,1 amol/mg RNA) present in the samples. PCR products were separated on an agarose gel, and the radioactive intensity of sample and standard bands determined by phosphorimaging. Sample mRNA concentration was calculated from the linear regression of standard concentration versus the ratio of sample intensity to standard intensity . The between-assay coefficient of variation, based on a pooled RNA sample tested in every assay, was 9.1% for Fas and 14.7% for FasL (n ¼ 3 each).
Immunocytochemistry
Expression of Fas, FasL, and cytokeratin proteins in cultured OSEs were examined by fluorescence immunocytochemistry as described previously (Hu et al. 2001) . OSEs were plated at passage 3 in eight-well Slide-well chambers (1 £ 10 5 cells/well), treated as described above for cell-viability assays, and fixed for immunocytochemistry 24 h after treatment. Cells were fixed in acetone, blocked with PBS/2% NDS (Fas) or NGS (FasL and cytokeratin), rinsed, and incubated with the appropriate primary antibody (2.5 mg/ml mouse anti-Fas IgM, 2.5 mg/ml rabbit anti-FasL IgG, or 1:200 anti-cytokeratin) in PBS/2% BSA for 1 h at 37 8C. Some wells received normal IgG of the appropriate species to determine background staining. Slides were rinsed and incubated with secondary antibodies in PBS/2% BSA for 1 h at 37 8C (0.75 mg/ml Cy2-conjugated donkey anti-mouse IgG for Fas, 2 mg/ml Alexa488-conjugated goat anti-rabbit IgG for FasL, or 1 mg/ml Alexa488-conjugated goat anti-mouse IgG for cytokeratin). Slides were observed under epifluorescent illumination using a 550^20 nm excitation filter, 580 nm dichroic mirror, and 590 nm emission filter for Cy2, and a 470^20 nm excitation filter, 510 nm dichroic mirror, and 520 nm emission filter for Alexa488. Images were obtained with a Spot II digital camera (Diagnostic Instruments, Sterling Heights MI, USA).
Statistical analyses
Experiments were repeated three times with separate OSE preparations. Results were analyzed by mixed-model analysis of variance (ANOVA), and Duncan's new multiple range test was used to compare means when overall significance was observed. Fas and FasL mRNA concentrations were log-transformed prior to statistical analysis to normalize variance.
Results
Purified cultures of bovine OSEs
Purified cultures of bovine OSEs were derived from OSEs obtained from the surface of bovine ovaries collected at an abattoir. Primary cultures consisted of patches of pure OSEs interspersed with areas of mixed cell types. Areas of pure OSEs, identified by their characteristic morphology, were selectively passed by trypsinization using cloning cylinders to obtain pure cultures of OSEs. Experiments described here were performed on unfrozen cultures passed three or four times. OSE cultures displayed typical cobblestoned morphology (Fig. 1A) . Their identity as epithelial cells was confirmed by their expression of cytokeratin, as visualized by immunofluorescent staining (Fig. 1B) .
FasL induces death of OSEs under a variety of conditions
Treatment of OSEs with FasL in the presence of serumcontaining growth medium (described in the Materials and methods section) caused a 45^13% reduction in the number of viable cells (Fig. 2) . As expected, the reduction in cell number was mediated by apoptosis since inhibition of caspase activity prevented cell death (see below). In minimal medium, consisting of DMEM/F12 plus antibiotics, the reduction in cell number in response to FasL was similar (43^9%, P . 0.05). Addition of IFN-g to each medium did not significantly alter the response to FasL: a 56^25% decrease in cell number in cells cultured in growth medium with IFN-g, and a 58^16% reduction in cell number in cells cultured in minimal medium plus IFN-g. There was no apparent reduction in cell number associated with removal of serum from medium, as illustrated by the similar number of viable cells in control wells (those not receiving FasL) in growth medium and minimal medium (Fig. 2) . Subsequent experiments were performed in minimal medium.
FasL, anisomycin, and daunorubicin induce apoptosis of OSEs
The effect of FasL, anisomycin and daunorubicin on apoptosis of OSEs was determined. OSEs were treated in the presence or absence of a broad-spectrum inhibitor of caspases, the peptide aldehyde known as ZVAD, to determine whether blocking major downstream effectors of apoptosis prevented cell death. The percentages of cell death in response to FasL, anisomycin, and daunorubicin were 36^6, 62^6, and 26^4%, respectively (Fig. 3) .
In the presence of ZVAD, the percentages of cell death in response to FasL, anisomycin, and daunorubicin was reduced to 0^4, 30^11, and 6^3%, respectively. Treatment with ZVAD alone had no effect on the number of viable cells.
Anisomycin and daunorubicin increase expression of FasL, but not Fas
The effects of anisomycin and daunorubicin on Fas and FasL mRNA and protein expression were analyzed by RT-PCR and immunocytochemistry. Cells were treated with drugs in the presence of ZVAD to block apoptosis and allow measurement of changes in gene and protein expression. Expression of Fas mRNA was not altered in cells treated with anisomycin plus ZVAD or daunorubicin plus ZVAD compared with controls treated with or OSEs were grown to confluence and either maintained in serum-containing growth medium or changed to serum-free minimal medium. After 24 h, cells were treated with 0 or 100 ng/ml FasL in the presence or absence of 200 U/ml IFN-g, and numbers of viable cells were determined. Bars with different letters are significantly different (P , 0.05). Experiments were repeated with three separate cell preparations. without ZVAD (Fig. 4) . However, FasL mRNA concentrations increased 3.1-and 2.5-fold in cells treated with anisomycin plus ZVAD and daunorubicin plus ZVAD, respectively (both P , 0.05 versus controls). Treatment with anisomycin and daunorubicin had similar effects on expression of Fas and FasL proteins. Immunocytochemistry showed that Fas was detectable in control cultures with or without ZVAD, and was expressed at similar levels in cultures treated with anisomycin plus ZVAD and daunorubicin plus ZVAD (Fig. 5) . In control cultures of OSEs, FasL protein was low to non-detectable. Treatment of OSEs with anisomycin plus ZVAD or daunorubicin plus ZVAD increased the intensity of staining for FasL (Fig. 5) .
Apoptosis of OSEs induced by anisomycin and daunorubicin is mediated by Fas signaling
To determine whether apoptosis in response to anisomycin and daunorubicin is mediated by endogenous Fas -FasL interactions, OSEs were treated in the presence or absence of Fas:Fc, a recombinant hybrid protein consisting of the extracellular domain of Fas and an Fc domain of human immunoglobulin (Hu et al. 2001) . This soluble protein binds to FasL, preventing it from binding to cellular Fas and initiating Fas-mediated apoptosis. Addition of Fas:Fc to cultures of OSEs treated with anisomycin reduced cell death from 49^5 to 30^3% (P , 0.05; Fig. 6 ). Similarly, addition of Fas:Fc to cultures of OSEs treated with daunorubicin reduced cell death from 27^1 to 2^4% (P , 0.05). Treatment of control cultures with Fas:Fc had no effect on the number of viable cells.
Discussion
The results show that OSEs have an endogenous Fas pathway that is activated under conditions of stress. Initial experiments were performed to determine if bovine OSEs are susceptible to apoptosis in response to treatment with recombinant FasL and whether this is modulated by the conditions of culture. FasL-induced cell death was similar in OSEs cultured in serum-supplemented media and in defined media lacking serum. Addition of IFN-g did not alter the percentage of cells undergoing apoptosis in response to treatment with FasL. In previous experiments, mouse OSEs cultured in serum-containing medium were resistant to FasL-induced apoptosis unless they were co-treated with IFN-g (Quirk et al. 1997) . Thus, bovine OSEs are more responsive than mouse OSEs to FasLinduced apoptosis in vitro in that they undergo apoptosis in the presence of serum and in the absence of co-treat- Figure 3 Inhibition of caspases reduces cell death in response to FasL, anisomycin (Aniso), and daunorubicin (Dauno). OSEs cultured in defined medium were given the following treatments in the presence or absence of 30 mM ZVAD, a specific inhibitor of caspases: control, 100 ng/ml FasL, 2 mM anisomycin, or 10 mM daunorubicin. Numbers of viable cells were determined 24 h later. Bars with different letters are significantly different (P , 0.05). Experiments were repeated with three separate cell preparations. OSEs also contrast with our findings in experiments with bovine granulosa cells; granulosa cells were susceptible to FasL-induced apoptosis in defined media lacking serum but were resistant in media containing serum unless IFN-g was provided as a co-treatment . Furthermore, withdrawal of serum from culture media induced apoptosis of 50% of bovine granulosa cells within 24 h and this was mediated by endogenous Fas -FasL interactions (Hu et al. 2001) . In contrast, bovine OSEs do not undergo apoptosis when cultured in the absence of serum. Taken together, these studies indicate that factors regulating the susceptibility to Fas-mediated apoptosis within the ovary are cell-type specific.
In the current study, treatment with the drugs anisomycin and daunorubicin were used as a tool to determine whether bovine OSEs express FasL under conditions of cellular stress. Experiments with a number of cell types have shown that anisomycin, daunorubicin, and other drugs commonly used in cancer chemotherapy induce a stress response that involves expression of FasL and apoptosis through the Fas pathway (Friesen et al. 1996 , Faris et al. 1998 , Hsu et al. 1999 . Anisomycin is a peptidyltransferase inhibitor that inhibits protein synthesis and activates JNK and p38 MAPK (Park et al. 1997 , Shifrin & Anderson 1999 . JNK and p38 MAPK are involved in pathways that are stimulated in response to cellular stress and may mediate apoptosis (reviewed by Leppã & Bohmann 1999) . Daunorubicin also activates these pathways (Mansat-De Mas et al. 1999) . In experiments reported here, treatment of OSEs with anisomycin or daunorubicin induced cell death, and cell death was inhibited by addition of the broad-spectrum caspase inhibitor, ZVAD (Slee et al. 1996) . Caspases are cysteine proteases, activated downstream of a number of apoptotic stimuli, that target the cleavage of substrates essential for cell survival (reviewed by Hengartner 2000) . The fact that ZVAD suppressed cell death in response to FasL, anisomycin, and daunorubicin demonstrates that, as expected, these agents induce apoptosis by activation of caspases. In this study, co-treatment of OSEs with ZVAD suppressed apoptosis in response to anisomycin and daunorubicin and allowed measurement of mRNA and immunoreactive protein for Fas and FasL in drug-treated cells. The fact that ZVAD only partially prevented the loss of viable cells in response to anisomycin (Fig. 3) indicates that anisomycin-induced cell death may occur by mechanisms in addition to apoptosis.
Quantitative RT-PCR and immunocytochemistry were used to test whether bovine OSEs have the ability to express Fas and FasL and whether the level of expression varies with physiological status. Under control culture conditions favorable to cell survival, OSEs expressed Fas mRNA and protein whereas FasL mRNA was detectable but FasL protein was low to non-detectable. Treatment of cells with anisomycin or daunorubicin in the presence of ZVAD increased FasL mRNA and protein. When cells were treated with anisomycin and daunorubicin in the absence of ZVAD, apoptosis was induced. Anisomycinand daunorubicin-induced apoptosis were reduced by treatment with Fas:Fc, a recombinant protein that blocks the interaction of Fas with FasL, indicating that apoptosis in response to drugs was mediated, at least partially, by endogenous Fas-FasL interactions. Whereas Fas:Fc completely prevented the loss of viable cells in response to daunorubicin, it only partially prevented the effect of anisomycin. Therefore, while the effect of daunorubicin may be mediated primarily through activation of the Fas pathway, the effect of anisomycin may be mediated only partially through Fas -FasL interaction. These results show that OSEs have an endogenous Fas pathway and that induction of FasL expression is a critical determinant of activation of the pathway. The fact that OSEs have a functional Fas pathway that becomes activated under conditions of cellular stress suggests the possibility that Fas-mediated apoptosis may play a role in ovulation. Ovulation is associated with apoptosis of OSEs at the site of follicle rupture and breakdown of the underlying extracellular matrix (Murdoch 1995 , Murdoch & McDonnel 2002 . A number of epithelia, such as mammary epithelium, undergo apoptosis when survival signals from the extracellular matrix are removed (Wiesen & Werb 2000) . Interactions among growth factors produced by OSEs and by stroma underlying the OSEs are believed to be important in maintaining survival of OSEs (Parrott et al. 2000b) . It is possible that loss of OSEs communication with the extracellular matrix and stroma and reduced blood flow into the stigma may induce cellular stress and activation of the Fas pathway. Interestingly, tumor necrosis factor, a protein that is related structurally and functionally to FasL, has been shown to play a role in apoptosis leading to follicular rupture at ovulation (Murdoch et al. 1997) .
The results obtained with OSEs in the current study are consistent with findings in other cell types. In Jurkat T cells, stimulation of the JNK pathway by treatment with anisomycin induced FasL expression and cell death whereas interference with Fas-FasL interactions inhibited anisomycininduced apoptosis (Faris et al. 1998) . Similarly, in immature T cells, engagement of the T cell receptor increased expression of Fas and FasL and Fas -FasL interaction was required for activation-induced cell death (Hsu et al. 1999) .
Regulation of FasL expression has been studied previously in transformed human OSEs cell lines and in human ovarian cancer cell lines. Similar to what was observed in the current study in which primary cultures of bovine OSEs were treated with drugs, activation of JNK by cisplatin in a human ovarian cancer cell line stimulated transcription of FasL and blocking FasL with a neutralizing FasL antibody inhibited cisplatin-induced apoptosis (Mansouri et al. 2003) . Treatment with a gonadotropinreleasing hormone analog increased expression of FasL mRNA and protein in SK-OV-3 and CaOV-3 human ovarian cancer cell lines (Imai et al. 1998) . In addition, steroids have been shown to alter FasL expression. FasL expression was non-detectable by Western blots of an immortalized human ovarian epithelial cell line, the Moody cell line, and of human neoplastic ovarian epithelial cells, the Hey cell line, but expression increased and was detectable after treatment with estradiol (Sapi et al. 2002) . Treatment of a human OSE cell line, HOSE, and a malignant human ovarian cancer cell line, OVCA, with progesterone enhanced levels of FasL mRNA and protein in HOSE and lowered levels in OVCA (Syed & Ho 2003) . Finally, Fas and FasL protein were detectable by immunocytochemistry in ovarian epithelial tumors as well as in OSEs of normal ovaries (Van Haaften-Day et al. 2003) . These studies indicate that, as in normal bovine OSEs, transformed OSE cell lines and ovarian epithelial cancer cell lines can be induced to express FasL by various treatments. A number of studies have described human ovarian cancer cell lines that differ from normal OSEs in being resistant to Fas-mediated apoptosis (Morimoto et al. 1993 , Wakahara et al. 1997 , Garban & Bonavida 1999 . One study demonstrated that differences in the susceptibility of ovarian cancer cell lines to Fas-mediated apoptosis were not related directly to the levels of Fas protein expression (Baldwin et al. 1999) . Similarly, resistance of an ovarian cancer cell line to cisplatininduced apoptosis was not associated with differences in expression of Fas (Schneiderman et al. 1999) . Instead, resistance was associated with failure of cisplatin to induce expression of FasL protein.
In summary, primary cultures of OSEs are susceptible to apoptosis in response to treatment with exogenous FasL. Under culture conditions that support cell survival, OSEs express Fas but little or no FasL. OSEs respond to cellular stress by increasing expression of FasL, which results in apoptotic cell death mediated by Fas.
